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Analysis of focal length error in torsion angle measurement system

YANG Wenchang'?, WANG Zhigian', SONG Zhuoda'?, DU Wen'?, LI Qinwen'?
(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033,
China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Aiming at the torsional deformation scheme of Moiré fringe measurement, the influence of double-
grating on the measurement accuracy of torsion angle in the optical system with focal length error was
analyzed. Based on the traditional Moir¢ fringe measurement torsion angle theory formula, the scaling effect of
focal length on the grating image was introduced, and the torsion angle measurement model with focal length
factor was derived. According to the derived model, as the focal length difference of the optical system
increases, the corresponding torsion angle also changes greatly. Especially the change at small angles (1°~3°)
is particularly obvious, which ultimately affectes the measurement accuracy of the torsional deformation. In the
designed experiment, the theory proposed was verified by using two optical systems with known focal lengths
to analyze the torsion angle accuracy by collecting the Moiré fringe image.
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Fig.1 Principal diagram of torsion angle measurement
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Fig. 2 Moiré fringe coordinate system generated by two
gratings superposition
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Fig.3 Torsion angle and focal length error curve
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Fig. 4 Experimental equipment layout
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Fig. 5 Captured Moiré fringe image
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Table 1 Experimental results

HAH/(°) EAE/(°) R2/(°)
1 1.67 0.67
2 2.42 0.42
3 3.31 0.31
4 4.26 0.26
5 5.23 0.23
6 6.21 0.21
7 7.21 0.21
8 8.20 0.20
9 9.20 0.20
10 10.21 0.21
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